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The present paper contains new data on the nanotechnologies for fabrication of fine-grained powder-
like particles, films, bulk materials, nanocomposites, nanochips and devices for microelectronics, nanoelec-
tronics, photonics and photocatalysis. The technology providing the replacement of precious metals by 
nonprecious ones and the exclusion of the use of toxic substances is presented. The developed methods of  
metallization of various materials have been widely used at the enterprises of the NIS for production of 
quartz resonators and filters, monolithic piezoquartz filters, photomasks, piezoceramic devices for hydroa-
coustics and delay lines of colour TV sets (several hundreds million devices were produced), casings of in-
tegrated circuits and semiconducting devices, ceramic microplates, precise microwire and film resistors, 
capacitors, catalysts, etc. 
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1. RESULTS AND DISCUSSION 
 
As a  result of usage of the developed technology, 
Au, Ag and Pd were adequately replaced with non-
precious metal alloys, the time for production of pie-
zoquartz and piezoceramic devices was reduced by a 
factor of 4 (in the case of fabrication of piezoquartz de-
vices) and by a factor of  20 in the case of fabrication of 
piezoceramic devices.   
A method of electroless nickel deposition on pol-
ished quartz, glass and other nonmetallic polished ma-
terials was developed [1-6] The optimal conditions of 
metallization were established .This technology for the 
first time provided high adhesion of Ni deposited by the 
electroless method to polished nonmetallic substrates 
and high ductility, deposition of thick films on polished 
piezoquartz being the most important for obtaining the 
monolithic quartz filters, in which the effect of energy 
capturing is necessary. 
The basic advantages and innovations of the devel-
oped technologies in the field of electroless nickel depo-
sition on piezoquartz, lithium niobate and glass as 
compared to silver and gold plating are the following[1-
20]:1. The frequency stability of piezoquartz devices 
increased 1.8 times (the change in the piezoelectric 
resonator frequency decreased from 15.10-6 for the sil-
vered piezoquartz element to 8.10-6 for the nickel-
coated one for the first year of operation). 2. The abso-
lute value of dynamic resistance of piezoquartz resona-
tors decreased by 30%, and the resistance scattering 
decreased by about 40-50 % as compared to the resona-
tors with silver-plated piezoelements. 3. Good quality 
and long-term stability of piezoquartz devices in-
creased. 4. Reduction of dynamic capacity of pie-
zoquartz devices provides better conditions for the for-
mation of radio circuits. Owing to the abovementioned 
improvements, the process of radio circuit optimization 
was simplified, and narrower-band quartz resonators 
were obtained. 5. Amplitude-frequency characteristics 
(spectral characteristics) were improved. 6. Labor in-
tensity and energy consumption decreased sharply, 
hazardous chemicals and expensive materials being 
excluded. 7. The output of final products increased.  8. 
High adhesion reliability (2 times higher than that of 
silver films deposited by vacuum sputtering).  9. High 
mechanical reliability of resonators with piezoelements 
manufactured by the proposed methods.  10. The time 
of the metallization process of piezoquartz reduced by a 
factor of 4. 11. The production volume per square meter 
of the production increased 8 times as compared to 
metallization by fusing the silver paste. 12. The articles 
metallized by this method are blanched by means of 
acid-free fluxes with lead-free solders by the group 
method and can be subjected to thermocompression 
and microwelding. 
The proposed patentable nanomethod is much more 
advantageous and simpler than other expensive and 
complicated methods such as e-beam and X-ray lithog-
raphy or fabrication of nano-sized elements by a light 
phase shift photomasks [4, 7, 13, 15-17, 20]. The pro-
posed method allows us to eliminate surface treatment 
by e-beam. It can save about $4 000 000 (the price of e-
beam exposure equipment). It also eliminates the ap-
plication of X-ray masks with gold masking elements[7, 
20].    
At adding HCl (1 milliliter of concentrated acid per 
gram of PdCl2 2H2O), chloropalladic acid is formed ac-
cording to the reaction: 
 
 2HCl + PdCl2  H2PdCl4  (1) 
 
which affects favorably the activation process.  
The mechanism of sensitization and activation was 
established, involving the concept of an equilibrium 
shift towards formation of complex palladium anions 
and predominance of the number of palladium ions 
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over tin ions on the surface. 
It was established that part of palladium ions were 
not reduced by sensitization-activation: 
 
 Sn(II) + Pd(II)  Sn(IV) + Pd  (2) 
 
can be partially reduced at subsequent interaction with 
hypophosphite in the solution of electroless deposition 
according to the reaction (3) 
 
 PdCl42−+H2PO2−+H2O  Pd+H2PO3−+2H++4Cl  (3) 
 
The investigation results showed for the first time 
that, when the aqueous-alcoholic solution was used as 
a solvent for tin chloride at the sensitization, at subse-
quent activation the amount of adsorbed palladium 
ions increased as compared with the application of the 
aqueous solvent for tin chloride. This could be referred 
to the fact that the addition of the organic compound to 
water changes the solvent configuration and the solva-
tion degree of dissolved substances. Under these condi-
tions, dissolvation of Sn ions is simplified, because the 
ion-solvent (dipole) interaction is stronger in a water 
solvent than in a water–spirit solvent. Besides, it is 
more difficult for ethyl alcohol molecules, than for wa-
ter molecules, to displace the tin ions at the interface. 
The small size of water molecules makes their presence 
at the interface energetically favorable. 
A new mechanism of sensitization and activation in 
the mixed solvent, the effect of the solvent and the pos-
sibility of obtaining the nanometer-scale pore-free films 
can be explained by the interpretation with considera-
tion of the reduction in the ionic strength in the mixed 
solvent and the increase in the ionic-activity coefficient. 
As is known, the composition of the solution and the 
origin of the solvent affect the ionic strength (I) of elec-
trolyte and, the ionic-activity coefficient. Taking into 
consideration this circumstance, the increase in the 
adsorption of palladium ions and the deposition of a 
denser film of palladium clusters after using a water–
spirit solvent for sensitization could be explained on 
the basis of the Debye–Hückel theory. The relation 
between the ionic-activity coefficient ( i) and the ionic 
strength (I) is expressed by the Debye–Hückel equa-
tion: 
 
 2lg i iAz I  (4) 
 
The use of the water-spirit solvent for the sensitiza-
tion solution reduces the total number of ion charges 
(Zi2) in the solution and the ionic strength as compared 
to the water solvent. The decrease in the total number 
of electric charges in the solution is likely to promote a 
decrease in the force of attraction between the ions and 
the solvent, a decrease in the interaction between the 
ion and the dipole and an increase in the ionic-activity 
coefficient. 
A method of production and a new design of defect-
free two-layer (Si-Ni) photomasks with selectively sem-
itransparent (semitranspatent in the visible region and 
non- transparent in the UV region of spectrum) edges 
of the Si masking elements in the lower layer of the 
pattern  based on single conventional optical UV photo-
lithography is proposed[1,2,20].   
This photomask has a number of advantages over 
the existing ones: 1) much less porosity; higher optical 
density; less thickness and higher wear resistance of 
the masking elements and 2) selective semitranspar-
ence of the masking elements, which simplifies and 
enhances the alignment precision. These photomasks 
were widely introduced in the microelectronic industry 
with a large economic effect. 
The competitive electroless method of fabrication of 
thermo-absorbing micro- and nano-sized magnetic par-
ticles was developed [1-3, 8-11, 15-18, 20]. Applications 
of high-dispersive magnetic particles could include in-
formation storage systems, biomedical fields, targeted 
delivery of drugs for cancer treatment, sensors, etc. In 
the magnetic field with specific frequency, the magnetic 
nanoparticles can absorb energy. As a result, an in-
crease in the local temperature around the high-
dispersive powder-like particles takes place. This effect 
could be applied to selective destruction of cancer tu-
mors at 42 C by means of irradiation (their selective 
heating) with infrared light or with an alternating 
magnetic field, while leaving nearby tissues unharmed.  
The possibility of electroless deposition of metals on 
nonmetallic, high-dispersive dielectric and semiconduc-
tor particles without their preliminarily activation by 
palladium chloride was developed.   
By means of selective local electroless deposition of 
nanocrystals having specified properties on high-
dispersive powder-like semiconductor photocatalysts, 
many problems of solar energy applications and photo-
catalytic splitting of water can be overcome or mitigat-
ed: I. Recombination of the photoexcited electrons and 
holes. II. Simultaneous proceeding of oxidation and 
reduction reactions at the same sites of photoelec-
trodes. III. The possibility of using the low-energetic 
visible-light irradiation. IV. Low quantum efficiency of 
energy conversion. V. Difficulty in deposition of nano-
sized clusters on nano-sized particles[18,20]. 
The following methods are used for overcoming the 
problems in this field [8, 20]:  
1) Electroless deposition of nanoclusters with speci-
fied properties on semiconductor photocatalysts. 2) Re-
duction in the recombination of photoexcited electrons 
and holes by means of nanotraps. 3) Separation of the 
active centers of reduction and oxidation reactions. 4) 
Changes in the solvent structure and the increase in 
the ionic-activity coefficient. 
The developed a local electroless method of deposi-
tion of amorphous and crystalline quantum dots, nano-
crystals on  powder like nanoparticles [20]. The method 
provides both low and high degree of covering of nano-
particle surfaces. The high-dispersive particles with 
low surface covering with nanocrystals are character-
ized by high catalytic activity. 
It was established for the first time that the irradia-
tion with γ-rays increased sharply the light absorption 
ability of semiconductor powders [9, 10, 20]. 
It was demonstrated that the selection of optimal 
sizes of powder particles could also enhance the optical 
absorption over the specified wavelength range.  
By using purposefully the abovementioned factors, 
it is possible to shift the optical absorption spectra of 
high-dispersion NiB/TiO2 (anatase) powders to the visi-
ble light region, i.e. to the wavelength range of 400-800 
nm. This allows bringing the optical properties of Ni-
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B/TiO2 powders closer to the requirements of photocata-
lytic reaction, which will promote the production of hy-
drogen and oxygen from water by using the light energy, 
the conversion of light energy into electric power, the 
destruction of undesirable bacteria, cancer treatment 
etc. 
The photocatalysts having the peak of optical absorp-
tion spectra 3 times higher than that of ordinary TiO2 
photocatalysts (St-01 and P-25) were obtained [18, 20]. 
Monograph Electroless Deposition of Metals and Al-
loys for New Challenges in Nanotechnology, Electronics 
and Photocatalysis has been prepared for publishing (in 
English). The research and development results pre-
sented in this monograph will facilitate the implementa-
tion of new methods of metallization. This monograph 
will promote reaching a new level of nanotechnology.  
The above-mentioned monograph will be very much 
in demand of enterprises and research institutes. One 
of the aims of this monograph is to make the readers 
aware of wide possibilities of electroless deposition of 
metals and alloys for fabrication of competitive devices 
for micro- and nonoelectronics, piezoengineering, pho-
tocatalysis, composites and instrument-making.  
This book may be used both as a textbook for engi-
neering students and as a reference book for specialists 
in the field of electronics, instrument-making and pho-
tocatalysis. 
The monograph is intended for the scientists and 
specialists in various fields of research and industry, 
for example in microelectronics, nanoelectronics, pie-
zoengineering, photocatalysis, and composites fabrica-
tion. It could also be used as a handbook for students of 
chemical and electronics faculties. 
2. CONCLUSION 
 
1. A new method of production of precise piezoelec-
tric quartz resonators and monolithic piezoquartz fil-
ters with electrodes made of electroless Ni-P and Ni-B 
alloys for spacecraft, hydroacoustics and communica-
tion devices was developed. Unique metallized pie-
zosensors for gas analysis were developed. 
2. As a result of usage of the developed technology, 
Au and Ag were adequately replaced with non-precious 
metal alloys. Electrical characteristics of quartz reso-
nators with the deposited Ni-P coating are better than 
when gold and silver were used as electrode layers. 
3. The devices manufactured using the developed 
methods were installed on artificial satellites, aircraft, 
used in the equipment for Navy fleet and special com-
munication, installed on space systems “Luna”, “Mars” 
and “Venus” etc.   
4. The competitive method of fabrication of thermo-
absorbing micro- and nano-sized magnetic particles 
was developed. Applications of high-dispersive magnet-
ic particles could include information storage systems, 
biomedical fields, targeted delivery of drugs for cancer 
treatment, sensors, etc.  
5. The proposed invention simplifies and makes 
cheaper the technology of fabrication of photomasks 
with nano-sized elements, nanodevices, nanowires and 
nanochips. 
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